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FIG. 7B
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FIG. 13
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SPEECH-BASED ATTENTION SPAN FOR
VOICE USER INTERFACE

BACKGROUND

Speech recognition systems have progressed to the point
where humans can interact with computing devices using
their voices. Such systems employ techniques to 1dentify the
words spoken by a human user based on the various qualities
of a received audio mput. Speech recognition combined with
natural language understanding processing techniques
enable speech-based user control of a computing device to
perform tasks based on the user’s spoken commands. The
combination of speech recogmition and natural language
understanding processing techniques 1s referred to herein as
speech processing. Speech processing may also involve
converting a user’s speech into text data which may then be
provided to various text-based software applications.

Speech processing may be used by computers, hand-held
devices, telephone computer systems, kiosks, and a wide
variety of other devices to improve human-computer inter-
actions.

BRIEF DESCRIPTION OF DRAWINGS

For a more complete understanding of the present disclo-
sure, reference 1s now made to the following description
taken 1n conjunction with the accompanying drawings.

FIG. 1 illustrates a system configured to cause devices to
send audio data to a server(s) when a user 1s not required to
provide additional information to enable the system to
determine a response to an mnitial command according to
embodiments of the present disclosure.

FIG. 2 1s a conceptual diagram of components of a system
according to embodiments of the present disclosure.

FIG. 3 1s a conceptual diagram of how natural language
processing 1s performed according to embodiments of the

present disclosure.
FIG. 4 1s a conceptual diagram of how natural language

processing 1s performed according to embodiments of the

present disclosure.

FIG. SA 1s a conceptual diagram of components of a
system to detect if input audio data includes system directed
speech according to embodiments of the present disclosure.

FIG. 5B 1s a conceptual diagram illustrating a system
operating to detect 1 mput audio data includes system
directed speech according to embodiments of the present
disclosure.

FIG. 6 1llustrates data stored and associated with user
profiles according to embodiments of the present disclosure.

FIGS. 7A and 7B are a signal tlow diagram 1llustrating the
processing performed when a command to cease output of
content 1s 1nput to a system according to embodiments of the
present disclosure.

FIG. 8 1s a signal tlow diagram illustrating the processing,
performed when a command resulting 1n dialog driven slot
filling 1s mput to a system according to embodiments of the
present disclosure.

FI1G. 9 15 a signal flow diagram illustrating the processing
performed when an unrecognized command 1s input to a
system according to embodiments of the present disclosure.

FIGS. 10A and 10B are a signal flow diagram 1llustrating
the processing performed when a command requesting the
output of long-form streaming content 1s mput to a system
according to embodiment of the present disclosure.
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2

FIGS. 11A and 11B are a signal flow diagram 1llustrating,
the processing performed when a command 1s mput to a

system according to embodiments of the present disclosure.

FIG. 12 15 a signal tlow diagram 1llustrating the process-
ing performed to determine whether audio data should be
sent to a server(s) based on a user preference according to
embodiments of the present disclosure.

FIG. 13 1s a process flow diagram illustrating the pro-
cessing performed to determine whether a audio data should
be sent to a server(s) according to embodiments of the
present disclosure.

FIG. 14 1s a block diagram conceptually illustrating
example components of a device according to embodiments
of the present disclosure.

FIG. 15 1s a block diagram conceptually illustrating
example components of a server according to embodiments
of the present disclosure.

FIG. 16 1llustrates an example of a computer network for
use with the speech processing system.

DETAILED DESCRIPTION

Automatic speech recognition (ASR) 1s a field of com-
puter science, artificial intelligence, and linguistics con-
cerned with transforming audio data associated with speech
into text data representative of that speech. Natural language
understanding (NLU) 1s a field of computer science, artifi-
cial intelligence, and linguistics concerned with enabling
computers to dertve meaning from text input containing
natural language. Text-to-speech (TTS) 1s a field of com-
puter science, artificial intelligence, and linguistics con-
cerned with enabling computers to output synthesized
speech. ASR, NLU, and TTS may be used together as part
ol a speech processing system.

A speech processing computing system may be config-
ured to answer user commands requesting the output of
content. For example, a user may say “what 1s the weather
in Seattle.” The system may determine content responsive to
the command (e.g., weather information for Seattle) and
output the content to the user. The input of speech corre-
sponding to a command, the processing of the command to
determine output content, and the output of the content may
be considered a “turn.”

Such a system may be configured to commence a turn
when a user device detects speech corresponding to a
keyword (e.g., a wakeword such as “Alexa”). A user device
may remain 1n a sleep mode until the device detects speech
corresponding to the keyword. While 1n sleep mode, the
device may continuously bufler and process captured audio
to detect speech corresponding to the keyword. Once the
he keyword, the device may wake and begin

device detects t
sending audio data for the captured audio (and/or builered
audio) to one or more servers for processing. Once the
server(s) has enough audio data to process (for example, a
speech-endpoint has been reached in the audio data), the
device may cease sending audio data to the server(s). The
device may continually process captured audio to detect the
keyword, even while the device 1s outputting content
responsive to mput speech.

A user may speak a keyword followed by an 1nitial
command. When the device detects the keyword, the device
sends audio data corresponding to the initial command to the
server(s). The server(s) may determine more mformation 1s
needed from the user 1n order for the system to determine a
response to the mitial command. (For example, the user may
request the system add an item to a list, but may not say what
the 1tem 1s.) In such instances, the server(s) 120 may cause
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the device to output synthesized speech (or another form of
prompt) soliciting the additional information from the user.
In such a situation the server(s) 120 may also istruct the
device to send further audio data to the server(s) 120 (which
may represent speech including the prompted-for informa-
tion) without first determining 11 a keyword was spoken.
Thus, 11 the user speaks the additional information 1n
response to the prompt without first speaking the keyword,
the additional speech may be captured by the device. The
device may then send audio data corresponding to the
additional information to the server(s) without first detecting
a spoken keyword. Such situations may be referred to as
dialog driven slot filling in which the user needs to provide
additional information in order for the system to output a
response to the user corresponding to the ongoing conver-
sation (e.g., the dialog) between the system and the user.
Such operations may be performed when the system deter-
mines that additional information 1s needed from the user in
order to complete an operation of a pending command (e.g.,
processing related to a particular dialog 1s ongoing).

In certain situations, however, it may be desirable to have
a local device continue to capture audio and send audio data
to the serve, even 1f no mformation 1s needed by the system
to complete operation of a pending command/dialog. Thus,
even 1f the server has suflicient information to complete
processing ol an utterance (or group of utterances as part of
a dialog) and even 1f processing of the utterance/dialog 1s
complete, the system may still instruct a local device to send
audio data corresponding to captured audio when no wake-
word 1s detected. Such continued provision of audio data by
the local device may be initiated 1n circumstances where
operations related to a previous utterance/dialog have con-
cluded, but the system still determines that the user may say
something that the system may wish to capture.

Thus, the present disclosure improves a speech processing,
system by causing one or more user devices to send audio
data to a server(s) without first detecting a spoken keyword
in a non-dialog driven slot filling context (e.g., even when
processing ol a previous dialog 1s complete.). A user may
speak a keyword followed by a first command. When the
device detects the keyword, the device sends audio data
corresponding to the mitial command to the server(s). The
server(s) determines content responsive to the command.
The server(s) also determines 1t 1s likely that the user will
provide the system with a second command (e.g., a new
command idicating the beginning of a new dialog from the
first command) following output of the content responsive to
the first command. The second command does not corre-
spond to information needed by the system to determine the
content responsive to the first command. The server(s)
causes the device to (1) output the content responsive to the
first command as well as (1) send audio data, corresponding
to audio captured after and optionally during output of the
content, to the server(s) without the device first detecting a
spoken keyword.

The teachings of the present disclosure are diflerent from
the dialog driven slot filling situation described above. In the
dialog driven slot filling context, the system instructs the
local device to send audio data to the server(s) without first
detecting a spoken keyword when the system needs addi-
tional information from the user 1n order for the system to
provide a response to an iitial command (e.g., additional
information needed as part of the dialog). In contrast,
according to the present disclosure, the system instructs the
local device to send audio data to the server(s) without first
detecting a spoken keyword when it 1s likely that the user
will provide a second command that has no bearing on the
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4

system determining a response to the first, initial command
(e.g., 1n a circumstance when the system has received all the
audio data 1t needs to process the first command and any
dialog related thereto). The teachings of the present disclo-
sure reduce system/user iriction, thereby providing a better
user experience.

FIG. 1 1llustrates a system for causing devices to send
audio data to a server(s) when a user 1s not required to
provide additional information to enable the system to
determine a response to an initial command. Although the
figures and discussion illustrate certain operational steps of
the system 1n a particular order, the steps described may be
performed in a different order (as well as certain steps
removed or added) without departing from the intent of the
disclosure. As 1illustrated 1n FIG. 1, a device 110 local to a
user 5, one or more servers 120, and one or more content
source servers 125 may be connected across one or more
networks 199.

The device 110 continuously receives input audio via one
or more microphones of the device 110. The device 110 may
store the mput audio, as mput audio data, 1n a bufler to
cnable the device 110 to determine whether the 1input audio
data includes speech corresponding to a keyword of the
system. The device 110 may delete input audio data from the
bufler when the device 110 determines the mput audio data
does not include speech corresponding to the keyword.
Thus, the bufler may be a rolling bufler (e.g., input audio
data 1s 1mput into the builer as mput audio data 1s deleted
from the bufler). Once the device 110 determines input audio
data 1n the bufler includes speech corresponding to the
keyword, the device 110 may send first mput audio data,
received subsequent to the input audio data including the
speech corresponding to the keyword, to the server(s) 120.

The server(s) 120 receives (130) the first input audio data
from the device 110. The server(s) 120 performs (132)
speech processing on the first input audio data to determine
a first command. For example, the server(s) 120 may per-
form speech recognition processing on the first mput audio
data to generate input text data. The server(s) 120 may then
perform natural language processing on the input text data to
determine the first command. The first command may cor-
respond to a request for information (e.g., “what 1s the
weather”), a request for the output of content (e.g., “play
Adele™), a request to perform an action (e.g., “book me a
flight to Seattle™), etc.

The server(s) 120 determines (134) first output data
corresponding to a complete response to the first command.
For example, 11 the first command corresponds to a request
for the weather, the first output data may correspond to
synthesized speech corresponding to weather information
for the geographic location of the device 110. For further
example, 11 the first command corresponds to a request for
Adele to be played, the first output data may correspond to
audio data corresponding to one or more songs sung by
Adele. The server(s) 120 may receive output data (such as
the first output data) from a first party (1P) storage (e.g., one
maintained and/or operated by the server(s) 120). Alterna-
tively, output data may be received from a third party (3P)
source (e.g., one not maintained or operated by the server(s)
120, but in communication with the server(s) 120, such as
the content source server(s) 125). The first output data may
include audio data to be output via a speaker of the device
110 and/or text data to be displayed on a display of the
device 110.

The server(s) 120 sends (136) the first output data to the
device 110 for output to the user 5. The server(s) 120 also
sends (138) an struction to the device 110, with the
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instruction causing the device 110 to send second input
audio data corresponding to captured audio to the server(s)
120 without first detecting the presence of a keyword 1n the
input audio data. The instruction may also cause the device
110 to deactivate a voice/wakeword detection component of
the device.

The device 110 outputs first content corresponding to the
output data to the user 5. The device’s microphone(s) may
remain continuously open at all times. Thus, under normal
circumstances and since the first content corresponds to a
complete response to the first command, the device 110
would normally capture second 1nput audio during and after
output of the first content while only sending second input
audio data to the server(s) 120 if the device 110 detects a
keyword 1n the second audio data. However, in response to
the device 110 receiving the instruction from the server(s)
120, the device 110 sends the second mput audio data
corresponding to second mnput audio captured after, and
optionally during, output of the first content to the server(s)
120 without first detecting presence of a wake command
(e.g., a keyword 1n the second mput audio data).

The server(s) 120 receives (140) the second input audio
data from the device 110. The server(s) 120 performs (141)
voice activity detection (VAD) on the second input audio
data to determine 1f the second input audio data includes
speech. The server(s) 120 performs VAD on the second input
audio data since the server(s) 120 caused the device 110 to
send the second input audio data without first determining 11
speech was represented therein. If the server(s) 120 deter-
mines speech 1s represented 1n the second mput audio data,
the server(s) 120 performs (142) speech processing on the
second input audio data. The server(s) 120 then determines
(143) whether speech represented 1n the second mput audio
data 1s directed to the system, as compared to being back-
ground noise, user-to-user speech, or other audio that 1s not
directed to the system. The server(s) 120 determines whether
the speech 1s directed to the system since the server(s) 120
caused the device 110 to send the second mmput audio data
without first determining 11 speech was represented therein.
The server(s) 120 could determine whether the first input
audio data includes speech directed to the system prior to
performing speech processing on the first mput audio data,
however such may not be necessary since the device 110
may implement a VAD component as described herein
below. If the speech 1s directed to the system, the server(s)
120 determines (144) second output data responsive to a
second command represented in the second mnput audio data.
The server(s) 120 then sends (146) the second output data to
the device 110 for output to the user 5.

The process described with respect to FIG. 1 may be
performed more than once 1n a row. For example, the
server(s) 120 may send the instruction to the device 110 a
second time (e.g., along with the second output data),
thereby causing the device 110 to send the server(s) 120
third input audio data without first detecting presence of a
keyword, and so on. The system may be configured to cause
one or more devices to only send mput audio data to the
server(s) 120 without first detecting presence of a keyword
a maximum number of times. For example, the system may
cause the device 110 to send second mput audio data to the
server(s) 120 without first detecting presence of a keyword
(with the second input audio data be sent during and/or after
first content completely responsive to a first command 1s
output by the device 110) and send third input audio data to
the server(s) 120 without first detecting presence of a
keyword (with the third mput audio data be sent during
and/or after second content completely responsive to a
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second command 1s output by the device 110), but will not
cause the device 110 to send fourth input audio data to the
server(s) 120 without first detecting presence of a keyword
(with the fourth mput audio data corresponding to fourth
audio captured during and/or after third content completely
responsive to a third command 1s output by the device 110).

As described and illustrated, output data may be sent to
the same device that oniginated the input audio data. How-
ever, one skilled 1n the art should appreciate that output data
may be sent to a different device than the device that
originated the mput data. More than one device may be
associated with a single profile of the system. A user may
speak a command to a first device but then look at a second
device associated with the same profile. For example, the
second device may include a camera that captures 1images.
The server(s) 120 may process image data corresponding to
the 1mages to determine whether a user 1s looking at the
second device. If the user looks at the second device, during
or aiter the input command 1s recerved by the first device but
prior to the server(s) 120 sending output data to a device, the
server(s) 120 may send the output data to the second device
for output to the user.

If the server(s) 120 does not determine voice activity 1n
the second mput audio data within a threshold amount of
time, the server(s) 120 may send an instruction to the device
110 to cease sending the second input audio data to the
server(s) 120 as well as re-enter sleep mode, resulting 1n the
device 110 thereafter requiring third mput audio data includ-
ing a keyword prior to the device 110 sending the third input
audio data to the server(s) 120. The threshold amount of time
1s configurable. The threshold amount of time may be a
system default length of time or based on, for example, a
system determination with respect to the previously input
command, a user preference associated with the previously
input command, etc. If the system determines to maintain
the device connection but there 1s no user preference indi-
cating how long device should connected prior to the device
re-entering sleep mode, the system may cause the device to
remain connected for a default, non-previously mput com-
mand specific time.

The system may cause the device 110 to send second 1nput
audio data to the server(s) 120 without first detecting pres-
ence ol keyword without considering user identity. For
example, the device 110 may send first input audio data
corresponding to a first spoken command, and optionally a
keyword, of a first user to the server(s) 120. The server(s)
120 may thereafter cause the device 110 to send second 1nput
audio data to the server(s) 120 without first detecting pres-
ence ol a keyword. Thereafter, the device 110 may send
second mput audio data corresponding to a second spoken
command of a second user to the server(s) 120. The server(s)
120 may process the second mput audio data even through
a first user spoke the first command and a second user spoke
the second command.

The system may operate using various components as
described 1n FIG. 2. The various components illustrated FIG.
2 may be located on a same or different physical devices.
Communication between various components illustrated 1n
FIG. 2 may occur directly or across a network(s) 199.

The device 110 captures audio corresponding to speech
11, using an audio capture component, such as a microphone
or array of microphones. The device 110, using a wakeword
detection component 220, processes audio data correspond-
ing to the input audio 11 to determine 11 a keyword (e.g., a
wakeword) 1s detected 1n the audio data. Following detec-
tion of a wakeword, the device 110 sends audio data 211,
corresponding to the speech, to the server(s) 120.
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The wakeword detection component 220 works 1n con-
junction with other components of the device, for example
microphone(s) to detect keywords 1n audio 11. For example,
the device 110 may convert audio 11 1nto audio data 211, and
process the audio data 211 with the wakeword detection
component 220 to determine whether speech 1s detected, and
if so, if the audio data 211 comprising speech matches an
audio signature and/or model corresponding to a particular
keyword.

The device 110 may use various techniques to determine
whether audio data includes speech. Some embodiments
may apply voice activity detection (VAD) techmques. Such
techniques may determine whether speech 1s present 1 an
audio mput based on various quantitative aspects of the
audio 1nput, such as the spectral slope between one or more
frames of the audio mput; the energy levels of the audio
mput 1 one or more spectral bands; the signal-to-noise
ratios of the audio mmput 1n one or more spectral bands; or
other quantitative aspects. In other embodiments, the device
110 may implement a limited classifier configured to dis-
tinguish speech from background noise. The classifier may
be mmplemented by techniques such as linear classifiers,
support vector machines, and decision trees. In still other
embodiments, Hidden Markov Model (HMM) or Gaussian
Mixture Model (GMM) techniques may be applied to com-
pare the audio input to one or more acoustic models 1n
speech storage, which acoustic models may include models
corresponding to speech, noise (such as environmental noise
or background noise), or silence. Still other techniques may
be used to determine whether speech 1s present 1n the audio
input.

Once speech 1s detected 1n the audio 11 received by the
device 110 (or separately from speech detection), the device
110 may use the wakeword detection component 220 to
perform wakeword detection to determine whether a wake-
word 1s detected 1n the speech, thus indicating that a user
intends to speak a command to the device 110. This process
may also be referred to as keyword detection, with the
wakeword being a specific example of a keyword. Specifi-
cally, keyword detection 1s typically performed without
performing linguistic analysis, textual analysis or semantic
analysis. Instead, incoming audio (or audio data) 1s analyzed
to determine if specific characteristics of the audio match
preconfigured acoustic waveforms, audio signatures, or
other data to determine if the mcoming audio “matches”
stored audio data corresponding to a keyword.

Thus, the wakeword detection component 220 may com-
pare audio data 211 to stored models or data to detect a
wakeword. One approach for wakeword detection applies
general large vocabulary continuous speech recognition
(LVCSR) systems to decode the audio signals, with wake-
word searching conducted 1n the resulting lattices or con-
fusion networks. LVCSR decoding may require relatively
high computational resources. Another approach for wake-
word spotting builds hidden Markov models (HMM) for
cach key wakeword word and non-wakeword speech signals
respectively. The non-wakeword speech includes other spo-
ken words, background noise etc. There can be one or more
HMMs built to model the non-wakeword speech character-
istics, which are named filler models. Viterb1 decoding 1s
used to search the best path in the decoding graph, and the
decoding output 1s Turther processed to make the decision on
keyword presence. This approach can be extended to include
discriminative nformation by incorporating hybrid DINN-
HMM decoding framework. In another embodiment the
wakeword spotting system may be built on deep neural
network (DNN)/recursive neural network (RNN) structures
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directly, without HMM 1nvolved. Such a system may esti-
mate the posteriors of wakewords with context information,
cither by stacking frames within a context window for DNN,
or using RNN. Following-on posterior threshold tuning or
smoothing 1s applied for decision making. Other techniques
for wakeword detection, such as those known 1n the art, may
also be used.

Once the wakeword 1s detected, the local device 110 may
“wake” and begin transmitting audio data 111 corresponding
to mput audio 11 to the server(s) 120 for speech processing.
While the local device 110 is transmitting audio data to the
server(s), the local device 110 may also turn on an indicator
(such as an LED light or other visual indicator, special beep
or other audio indicator, or otherwise) that indicates to the
user that the microphone(s) 1s “on” and that captured audio
1s being sent to the server(s) 120.

Upon receipt by the server(s) 120, the audio data 211 may
be sent to an orchestrator component 230. The orchestrator
component 230 may include memory and logic that enables
the orchestrator component 230 to transmit various pieces
and forms of data to various components of the system.

The orchestrator component 230 sends the audio data 211
to a speech processing component 240. A speech recognition
component 250 of the speech processing component 240
transcribes the audio data 211 into one or more textual
interpretations representing speech contained in the audio
data 211. The speech recognition component 250 interprets
the spoken utterance based on a similarity between the
spoken utterance and pre-established language models. For
example, the speech recognition component 250 may com-
pare the audio data 211 with models for sounds (e.g.,
subword units or phonemes) and sequences of sounds to
identily words that match the sequence of sounds spoken 1n
the utterance represented in the audio data 211. The speech
recognition component 2350 sends text data generated
thereby to a natural language component 260 of the speech
processing component 260. The text data sent from the
speech recognition component 250 to the natural language
component 260 may include a top scoring textual interpre-
tation of the audio data 211 or may include an N-best list
including a group of textual interpretations of the audio data
211 and potentially their respective scores.

The natural language component 260 attempts to make a
semantic interpretation of the phrases or statements repre-
sented 1n the text data input therein. That 1s, the natural
language component 260 determines one or more meanings
associated with the phrases or statements represented in the
text data based on individual words represented in the text
data. The natural language component 260 interprets a text
string to derive an intent of the user command represented
in the text data (e.g., an action that the user desires be
performed) as well as pertinent pieces of information 1n the
text data that allow a device (e.g., the device 110, the
server(s) 120, etc.) to complete the mtent. For example, 11
the text data corresponds to “call mom,” the natural lan-
guage component 260 may determine the user intended to
activate a telephone 1n his/her device and to initiate a call
with a contact matching the entity “mom.”

The server(s) 120 may include a user recognition com-
ponent 295. The user recognition component 295 may take
as mput the audio data 211 and/or the text data output by the
speech recognition component 2350. The user recognition
component 295 determines scores indicating whether the
command originated from particular users. For example, a
first score may indicate a likelihood that the command
originated from a first user, a second score may indicate a
likelihood that the command originated from a second user,
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etc. The user recognition component 295 also determines an
overall confidence regarding the accuracy of user recogni-
tion operations. The user recognition component 295 may
perform user recognition by comparing speech characteris-
tics 1in the audio data 211 to stored speech characteristics of
users. The user recognition component 295 may also per-
form user recogmition by comparing biometric data (e.g.,
fingerprint data, iris data, etc.) received by the system 1n
correlation with the present command to stored biometric
data of users. The user recognition component 295 may
turther perform user recognition by comparing image data
(¢.g., including a representation of at least a feature of a user)
received by the system in correlation with the present
command with stored image data (e.g., including represen-
tations of features of users). The user recognition component
295 may perform additional user recognition processes,
including those known 1n the art. Output of the user recog-
nition component 295 may be used to mform natural lan-
guage component 260 processes as well as processing
performed by applications 290.

The server(s) 120 may include a user profile storage 270.
The user profile storage 270 may include a variety of
information related to individual users, groups of users, etc.
that interact with the system. The user profile storage 270
may include one or more customer profiles. Each customer
proflle may be associated with a different customer 1dentifier
(ID). A customer profile may be an umbrella profile specific
to a group of users. That 1s, a customer profile encompasses
two or more 1individual user profiles, each associated with a
unique respective user 1D. For example, a customer profile
may be a household profile that encompasses user profiles
associated with multiple users of a single housechold. A
customer profile may include preferences shared by all the
user profiles encompassed thereby. Each user profile encom-
passed under a single customer profile may include prefer-
ences specific to the user associated therewith. That 1s, each
user profile may include preferences unique with respect to
one or more other user profiles encompassed by the same
customer profile. A user profile may be a stand-alone profile
or may be encompassed under a customer profile. As 1llus-
trated, the user profile storage 270 1s implemented as part of
the server(s) 120. However, 1t should be appreciated that the
user profile storage 270 may be located proximate to the
server(s) 120, or may otherwise be 1 communication with
the server(s) 120, for example over the network(s) 199.

The orchestrator component 230 may send output from
the natural language component 260 (e.g., text data includ-
ing tags attributing meaning to the words and phrases
represented 1n the text data), and optionally output from the
user recognition component 295 and/or data from the user
profile storage 270, to one or more applications 290. FIG. 2
illustrates various applications 290 executed by the server(s)
120. However, 1t should be appreciated that the orchestrator
component 230 may additionally or alternatively send out-
put from the natural language component 260 to one or more
content source servers 125 executing applications that may
thereby cause the content source servers 125 to provide the
server(s) 120 with content responsive to the command.

An “application,” as used herein, may be considered
synonymous with a skill. A “skill” may be software running
on the server(s) 120 that 1s akin to an application. That 1s, a
skill may enable the server(s) 120 or other remote device to
execute specific functionality 1n order to provide data or
produce some other output requested by a user. The system
may be configured with more than one skill. A skill may
either be executed by the server(s) 120 or merely associated
with the server(s) 120 (1.e., one executed by a diflerent
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remote device). For example, a weather service skill may
enable the server(s) 120 to execute a command with respect
to a weather service server(s), a car service skill may enable
the server(s) 120 to execute a command with respect to a taxi
or ride sharing service server(s), an order pizza skill may
enable the server(s) 120 to execute a command with respect
to a restaurant server(s), etc.

The orchestrator component 230 may choose which appli-
cation 290 to send data to based on the output of the natural
language component 260. In an example, the orchestrator
component 230 may send data to a music playing applica-
tion when the natural language component 260 outputs text
data associated with a command to play music. In another
example, the orchestrator component 230 may send data to
a weather application when the natural language component
260 outputs text data associated with a command to output
weather information. In yet another example, the orchestra-
tor component 230 may send data to a search engine
application when the natural language component 260 out-
puts text data associated with a command to obtain search
results.

An application 290 may output text data, which the
orchestrator component 230 may send to a text-to-speech
component 280. The text-to-speech component 280 may
synthesize speech corresponding to the text data input
therein. The server(s) 120 may send audio data synthesized
by the text-to-speech component 280 to the device 110 (or
another device including a speaker and associated with the
same user 1D or customer ID) for output to the user.

The text-to-speech component 280 may perform speech
synthesis using one or more different methods. In one
method of synthesis called unit selection, the text-to-speech
component 280 matches text data against a database of
recorded speech. Matching units are selected and concat-
enated together to form audio data. In another method of
synthesis called parametric synthesis, the text-to-speech
component 280 varies parameters such as frequency, vol-
ume, and noise to create an artificial speech wavetorm
output. Parametric synthesis uses a computerized voice
generator, sometimes called a vocoder.

The server(s) 120 may additionally include an audio
capture control component 255. The audio capture control
component 255 may determine whether a device 110 should
be enabled to send non-wakeword triggered audio data to the
server(s) 120 following receipt of an initial utterance, even
if no further user mput data to complete processing of the
initial utterance 1s needed. That 1s, the system may determine
that the data determined thustar (e.g., the audio data from the
utterance, the post NLU results based on the audio data, or
the like) 1s sutlicient to complete processing of a command
related to the utterance without obtaining further input from
the user and, even so, may instruct a device 110 to send
audio data to the server(s) 120 without first detecting a wake
command. For example, the audio capture control compo-
nent 255 may determine that a first command 1s of a
command type that 1s likely to be followed by a new
command within a time threshold, and thus a local device
that captured an utterance of the first command should send
to the server(s) 120 non-wakeword triggered audio data
following output of data for the first command. The capture
control component 2355 may also perform a variety of
operations/techniques to determine when to instruct a local
device to send to the server(s) 120 non-wakeword triggered
audio data as described herein with respect to, for example,
FIGS. 7A through 13.

FIG. 3 illustrates how natural language processing 1s
performed on audio data. Generally, the natural language
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component 260 attempts to make a semantic interpretation
ol text represented 1n text data (e.g., ASR results 341 output
by the speech recogmition component 250). That 1s, the
natural language component 260 determines the meaning
behind the text represented 1n text data based on the indi-
vidual words. The natural language component 260 inter-
prets text to derive an intent or a desired action from the user
as well as the pertinent pieces of information 1n the text that
allow a device (e.g., device 110) to complete that action.

The natural language component 260 may process text
data including several textual interpretations of a single
utterance. For example, if the speech recognition component
250 outputs text data including an N-best list of textual
interpretations, the natural language component 260 may
process the text data with respect to all (or a portion of) the
textual interpretations represented therein.

The natural language component 260 may include one or
more recognizers 363. Each recognizer 363 may be associ-
ated with a different “domain.” A domain may correspond to
a common group of information or activities, such as
weather, music, video, communications, shopping, etc. The
natural language component 260 may determine a domain
potentially associated with a textual interpretation repre-
sented 1n text data mput thereto 1n order to determine the
proper recognizer 363 to process the textual interpretation.
The natural language component 260 may determine a
single textual interpretation 1s potentially associated with
more than one domain. Multiple recognizers 263 may be
functionally linked (e.g., a telephony/communications rec-
ognizer and a calendaring recognizer may utilize data from
the same contact list).

If the natural language component 260 determines a
specific textual interpretation 1s potentially associated with
multiple domains, the recognizers 363 associated with the
domains may process the specific textual interpretation 1n
parallel. For example, 11 a specific textual interpretation
potentially implicates both a communications domain and a
music domain, a recognizer associated with the communi-
cations domain may process the textual interpretation in
parallel, or substantially i parallel, with a recognizer asso-
ciated with the music domain processing the textual inter-
pretation. The output generated by each recognizer 363 may
be scored, with the overall highest scored output from all
recognizers ordinarily being selected to be the correct result.

The natural language component 260 may communicate
with various storages to determine the potential domain(s)
associated with a textual interpretation. The natural lan-
guage component 260 may communicate with the natural
language storage 373, which includes a databases of devices
(374a-374n) 1dentitying domains associated with specific
devices. For example, the device 110 may be associated with
domains for music, calendaring, contact lists, device-spe-
cific commumnications, etc. In addition, the natural language
component 260 may communicate with an entity library
382, which includes database entries about specific services
on a specific device, either indexed by Device 1D, Speaker
ID, or Household ID, or some other indicator.

Each recognizer 363 may include a named entity recog-
nition (NER) component 362. The NER component 362
attempts to 1dentity grammars and lexical information that
may be used to construe meaning with respect to a textual
interpretation mput therein. The NER component 362 1den-
tifies portions of text represented 1n text data iput nto the
natural language component 260 that correspond to a named
entity that may be recognizable by the system. The NER
component 362 (or other component of the natural language
component 260) may also determine whether a word refers
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to an entity that 1s not explicitly mentioned in the utterance
text, for example “him,” “her,” “it” or other anaphora,
exophora or the like.

Each recognizer 363, and more specifically each NER
component 362, may be associated with a particular gram-
mar model and/or database 376, a particular set of intents/
actions 378, and a particular personalized lexicon 386. Each
gazetteer 384 may include domain-indexed lexical informa-
tion associated with a particular user and/or device. For
example, the Gazetteer A (384a) includes domain-index
lexical information 386aa to 386an. A user’s music-domain
lexical information might include album titles, artist names,
and song names, for example, whereas a user’s contact-list
lexical information might include the names of contacts.
Since every user’s music collection and contact list 1s
presumably different, this personalized 1nformation
improves entity resolution.

An NER component 362 applies grammar models 376
and lexical information 386 associated with the domain
(associated with the recognizer 363 implementing the NER
component 362) to determine a mention one or more entities
in a textual interpretation mput therein. In this manner, the
NER component 362 identifies “slots™ (1.e., particular words
in a textual interpretation) that may be needed for later
command processing. The NER component 362 may also
label each slot with a type of varying levels of specificity
(e.g., noun, place, city, artist name, song name, etc.).

Each grammar model 376 includes the names of entities
(1.e., nouns) commonly found 1n speech about the particular
domain (1.e., generic terms) to which the grammar model
376 relates, whereas the lexical information 386 1s person-
alized to the user(s) and/or the device from which the audio
data 211 originated. For example, a grammar model 376
associated with a shopping domain may include a database
of words commonly used when people discuss shopping.

A downstream process called named entity resolution
actually links a portion of text to an actual specific entity
known to the system. To perform named entity resolution,
the natural language component 260 may utilize gazetteer
information (384a-384n) stored i an enfity library storage
382. The gazetteer information 384 may be used to match
text represented 1n text data output by the speech recognition
component 250 with different entities, such as song ftitles,
contact names, etc. Gazetteers may be linked to users (e.g.,
a particular gazetteer may be associated with a specific
user’s music collection), may be linked to certain domains
(e.g., shopping, music, video, communications, etc.), or may
be organized 1n a variety of other ways.

Each recognizer 263 may also include an intent classifi-
cation (IC) component 364. The IC component 364 parses
an 1nput textual interpretation to determine an intent(s) of
the domain associated with the recognizer 363 that poten-
tially corresponds to the textual interpretation. An intent
corresponds to an action to be performed that 1s responsive
to the command represented by the textual interpretation.
The IC component 364 may communicate with a database
378 of words linked to intents. For example, a music intent
database may link words and phrases such as “quiet,”
“volume off,” and “mute” to a “mute” intent. The IC
component 364 identifies potential intents by comparing
words 1n the textual iterpretation to the words and phrases
in an intents database 378 associated with the domain that 1s
associated with the recogmizer 363 implementing the IC
component 364.

The intents 1dentifiable by a specific IC component 364
are linked to domain-specific (i.e., the domain associated
with the recognizer 363 implementing the IC component
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364) grammar frameworks 376 with “slots” to be filled.
Each slot of a grammar framework 376 corresponds to a
portion of the text interpretation that the system believes
corresponds to an entity. For example, a grammar frame-
work 376 corresponding to a <PlayMusic> intent may
correspond to textual interpretation sentence structures such
as “Play {Artist Name},” “Play {Album Name},” “Play
{Song name},” “Play {Song name} by {Artist Name},” etc.
However, to make resolution more flexible, grammar frame-
works 376 may not be structured as sentences, but rather
based on associating slots with grammatical tags.

For example, an NER component 362 may parse a textual
interpretation to identify words as subject, object, verb,
preposition, etc. based on grammar rules and/or models prior
to recognizing named entities 1n the textual interpretation.
An IC component 364 (1implemented by the same recognizer
363 as the NER component 362) may use the identified verb
to 1dentily an intent. The NER component 362 may then
determine a grammar model 376 associated with the 1den-
tified intent. For example, a grammar model 376 for an
intent corresponding to <PlayMusic> may specily a list of
slots applicable to play the 1dentified “object” and any object
modifier (e.g., a prepositional phrase), such as {Artist
Name}, {Album Name}, {Song name}, etc. The NER
component 362 may then search corresponding fields 1n a
lexicon 386 associated with the domain associated with the
recognizer 363 implementing the NER component 362,
attempting to match words and phrases 1n the textual inter-
pretation the NER component 362 previously tagged as a
grammatical object or object modifier with those i1dentified
in the lexicon 386.

An NER component 362 may perform semantic tagging,
which 1s the labeling of a word or combination of words
according to their type/semantic meaning. An NER compo-
nent 362 may parse a textual interpretation heuristic gram-
mar rules, or a model may be constructed using techniques
such as hidden Markov models, maximum entropy models,
log linear models, conditional random fields (CRF), and the
like. For example, an NER component 362 implemented by
a music domain recognizer 363 may parse and tag a textual
interpretation corresponding to “play mother’s little helper
by the rolling stones” as {Verb}: “Play,” {Object}: “moth-
er’s little helper,” {Object Preposition}: “by,” and {Object
Modifier}: “the rolling stones.” The NER component 362
identifies “Play” as a verb based on a word database asso-
ciated with the music domain, which an IC component 364
(also 1implemented by the music domain recognizer 363)
may determine corresponds to a <PlayMusic> intent. At this
stage, no determination has been made as to the meaning of
“mother’s little helper” and “the rolling stones,” but based
on grammar rules and models, the NER component 362 has
determined that the text of these phrases relates to the
grammatical object (1.e., entity) of the textual interpretation.

The frameworks linked to the intent are then used to
determine what database fields should be searched to deter-
mine the meaning of these phrases, such as searching a
user’s gazetteer 384 for similanity with the framework slots.
For example, a framework for a <PlayMusic> intent might
indicate to attempt to resolve the identified object based
{Artist Name}, {Album Name}, and {Song name}, and
another framework for the same intent might indicate to
attempt to resolve the object modifier based on {Artist
Name}, and resolve the object based on {Album Name} and
{Song Name} linked to the identified { Artist Name}. If the
search of the gazetteer 384 does not resolve the slot/field
using gazetteer information, the NER component 362 may
search the database of generic words associated with the
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domain (1n the knowledge base 372). For example, it the
textual interpretation was “play songs by the rolling stones,”
alter failing to determine an album name or song name
called “songs” by “the rolling stones,” the NER component
362 may search the domain vocabulary for the word
“songs.” In the alternative, generic words may be checked
before the gazetteer information, or both may be tried,
potentially producing two different results.

The natural language component 260 may tag the textual
interpretation to attribute meaning to the textual interpreta-
tion. For example, the natural language component 260 may
tag “play mother’s little helper by the rolling stones™ as:
{domain} Music, {intent} Play Music, {artist name!} rolling
stones, {media type} SONG, and {song title} mother’s little
helper. For further example, the natural language component
260 may tag “play songs by the rolling stones” as: {domain }
Music, {intent} Play Music, {artist name} rolling stones,
and {media type} SONG.

Each recognizer 363 may output data corresponding to a
single textual interpretation or to an N-best list of textual
interpretations. The natural language component 260 may
compile the output data of the recognizers 363 1nto a single
cross-domain N-best list, and may send cross-domain N-best
list data 440 (representing the cross-domain N-best list) to a
pruning component 450 (as illustrated 1n FIG. 4). The tagged
textual interpretations in the cross-domain N-best list data
440 may each be associated with a respect score indicating
the tagged textual interpretation corresponds to the domain
associated with the recognizer 363 from which the tagged
textual interpretation was output. For example, the cross-
domain N-best list data 440 may be represented as:

[0.95] Intent: <PlayMusic> ArtistName: Lady Gaga
SongName: Poker Face

[0.70] Intent: <PlayVideo> ArtistName: Lady Gaga Vide-
oName: Poker Face

[0.01] Intent: <PlayMusic> ArtistName: Lady Gaga
AlbumName: Poker Face

[0.01] Intent: <PlayMusic>0SongName: Pokerface

The pruning component 450 creates a new, shorter N-best
list (1.e., represented 1n cross-domain N-best list data 460
discussed below) based on the cross-domain N-best list data
440. The pruning component 450 may sort the tagged textual
interpretations represented in the cross-domain N-best list
data 440 according to their respective scores.

The pruning component 450 may perform score thresh-
olding with respect to the cross-domain N-best list data 440.
For example, the pruning component 450 may select textual
interpretations represented in the cross-domain N-best list
data 440 associated with a score satisiying (e.g., meeting
and/or exceeding) a score threshold. The pruning component
450 may also or alternatively perform number of textual
interpretation thresholding. For example, the pruning com-
ponent 450 may select the top scoring textual
interpretation(s) associated with each different domain rep-
resented 1n the cross-domain N-best list data 440, with the
new cross-domain N-best list data 460 including a total
number of textual interpretations meeting or falling below a
threshold number of textual iterpretations. The purpose of
the pruning component 450 1s to create a new list of top
scoring textual interpretations so that downstream (more
resource 1ntensive) processes may only operate on the
tagged textual mterpretations that most likely correspond to
the command input to the system.

The natural language component 260 may also include a
light slot filler component 452. The light slot filler compo-
nent 452 can take text from slots represented in the textual
interpretation(s) output by the pruning component 450 and
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alter 1t to make the text more easily processed by down-
stream components. The light slot filler component 452 may
perform low latency operations that do not mvolve heavy
operations such as reference to a knowledge base. The
purpose of the light slot filler component 452 1s to replace
words with other words or values that may be more easily
understood by downstream components. For example, if a
textual interpretation includes the word “tomorrow,” the
light slot filler component 452 may replace the word “tomor-
row” with an actual date for purposes of downstream
processing. Similarly, the light slot filler component 4352
may replace the word “CD” with “album” or the words
“compact disc.” The replaced words are then included 1n the
cross-domain N-best list data 460.

The natural language component 260 sends the cross-
domain N-best list data 460 to an entity resolution compo-
nent 470. The entity resolution component 470 can apply
rules or other istructions to standardize labels or tokens
from previous stages nto an intent/slot representation. The
precise transformation may depend on the domain (e.g., for
a travel domain the enftity resolution component 470 may
transiorm a text mention of “Boston airport” to the standard
BOS three-letter code referring to the airport). The entity
resolution component 470 can refer to an authority source
(e.g., a knowledge base) that 1s used to specifically identitly
the precise entity referred to 1n each slot of each textual
interpretation represented in the cross-domain N-best list
data 460. Specific intent/slot combinations may also be tied
to a particular source, which may then be used to resolve the
text. In the example “play songs by the stones,” the entity
resolution component 470 may reference a personal music
catalog, Amazon Music account, user profile 602 (described
herein), or the like. The entity resolution component 470
may output data including an altered N-best list that 1s based
on the cross-domain N-best list represented 1n the cross-
domain N-best list data 460, but also includes more detailed
information (e.g., entity IDs) about the specific entities
mentioned 1n the slots and/or more detailed slot data that can
eventually be used by an application 290 which may be
incorporated into the server(s) 120 components or pipeline
or may be on a separate device(s) in communication with the
server(s) 120. The natural language component 260 may
include multiple entity resolution components 470 and each
entity resolution component 470 may be specific to one or
more domains.

The entity resolution component 470 may not be success-
ful 1n resolving every entity and filling every slot repre-
sented 1n the N-best list represented in the cross-domain
N-best list data 460. This may result in the entity resolution
component 470 outputting incomplete results. The natural
language component 260 may include a final ranker com-
ponent 490, which may consider such errors when deter-
mimng how to rank the tagged textual interpretations for
potential execution. For example, 11 a book domain recog-
nizer 363 outputs a tagged textual interpretation including a
<ReadBook> intent flag, but the entity resolution component
4’70 cannot find a book with a title matching the text of the
item, the final ranker component 490 may re-score that
particular tagged textual interpretation to be given a lower
score. The final ranker component 490 may also assign a
particular confidence to each tagged textual interpretation
input therein. The confidence score of a particular tagged
textual interpretation may be aflected by whether the tagged
textual interpretation has unfilled slots. For example, 11 a
tagged textual interpretation associated with a first domain
includes slots that are all filled/resolved, that tagged textual
interpretation may be associated with a higher confidence
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than another tagged textual interpretation including at least
some slots that are unfilled/unresolved.

The final ranker component 490 may apply re-scoring,
biasing, or other techniques to obtain the most preferred
tagged and resolved textual interpretation. To do so, the final
ranker component 490 may consider not only the data output
by the entity resolution component 470, but may also
consider other data 491. The other data 491 may include a
variety of information. For example, the other data 491 may
include application rating or popularity data. For example, 1f
one application has a particularly high rating, the final ranker
component 490 may increase the score of a textual inter-
pretation(s) associated with or otherwise invoking that par-
ticular application. The other data 491 may also include
information about applications that have been specifically
ecnabled by the user. For example, the final ranker compo-
nent 490 may assign higher scores to textual interpretations
associated with or otherwise invoking enabled applications
than textual interpretations associated with or otherwise
invoking non-enabled applications. User history may also be
considered, such as 1f the user regularly uses a particular
supplemental application or does so at particular times of
day. Date, time, location, weather, type of device 110, user
ID, context, and other information may also be considered.
For example, the final ranker component 490 may consider
when any particular applications are currently active (e.g.,
music being plaved, a game being played, etc.).

Following final ranking, the natural language component
260 may output natural language output data 485. The
natural language component 260 may be sent to the orches-
trator component 230, which sends the natural language
output data 485 to an appropriate application 290 (e.g., one
configured to execute a command based on the textual
interpretation represented 1n the natural language output data
485). The natural language output data 485 may include an
indicator of the intent of the textual interpretation along with
data associated with the intent, for example an indication
that the intent 1s <PlayMusic> and the music to be played 1s
“Adele.” Multiple 1nstances of natural language output data
(c.g., 485a-485r) may be output for a given set of text data
input into the natural language component 260.

The application(s) 290 provides the server(s) 120 with
content responsive to the natural language output data 485
received thereby. If the content 1s text data that needs to be
converted to speech, the orchestrator component 230 sends
the content text data to the text-to-speech component 280.

Many commands received by the system may have 1niti-
ated with an utterance that included the wakeword, as
detected by wakeword component 220 of device 110 (ex-
plained above). In such instances, the audio data 211 cor-
responding to the utterance may be sent (for example by the
orchestrator 230) directly to the speech processing compo-
nent 240 for processing, and eventual execution, of the
command 1n the utterance. In other circumstances, however,
including those discussed below, the device 110 may send
audio data to the server(s) 120 even without the device 110
detecting a wakeword. For example, as explained below, 1n
certain circumstances the server(s) 120 may instruct a device
110 to send to the server(s) 120 audio data corresponding to
captured audio even 1f no wakeword 1s detected. In such
circumstances, the system may operate a detector, such as
system directed speech detector 285, to determine if incom-
ing audio data 211 actually includes speech intended for the
system as operated by the server(s) 120. If the incoming
audio data 211 does include system-intended speech (for
example a command to the system, response to a previous
command, information for the system, a response to a
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system-managed communication from another user, etc.),
then the system may process such speech as it normally
would. If, however, the incoming audio data 211 does not
include system-intended speech (for example background
noise, speech coming from a television or other component,
speech between persons not engaging with a local device
110, etc.), then the system may discard that audio data 211
and thus save computing resources by not performing fur-
ther processing on the audio data 211. While the system
directed speech detector 285 may not be as necessary when
the device 110 has first detected a wakeword prior to sending,
the audio data 211, the system directed speech detector 285
may save computing resources in filtering out non-wake-
word non-system directed speech from non-wakeword sys-
tem directed speech. (Though the system directed speech
detector 285 may also be used as a wakeword confirmation
component and thus may operate on audio data 211 that was
sent post-wakeword detection and/or on audio data 211 that
was sent without wakeword detection.)

Configuration and operation of the system directed speech
detector 285 1s illustrated 1n FIGS. 5A and 5B. As shown 1n
FIG. 5A, the system directed speech detector 285 may
include a number of different components. First, the system
directed speech detector 285 may include a voice activity
detector (VAD) 520. The VAD 520 may operate to detect
whether the incoming audio data 211 includes speech or not.
The VAD output 521 may be a binary indicator. Thus, if the
incoming audio data 211 includes speech, the VAD 520 may
output an indicator 521 that the audio data 211 does includes
speech (e.g., a 1) and 1f the incoming audio data 211 does not
includes speech, the VAD 520 may output an indicator 521
that the audio data 211 does not includes speech (e.g., a 0).
The VAD 3520 may also perform start-point detection as well
as endpoint detection where the VAD 520 determines when
speech starts in the audio data 211 and when 1t ends in the
audio data 211. Thus the VAD output 521 may also include
indicators of a speech start point and/or a speech endpoint
for use by other components of the system. (For example,
the start-point and end-points may demarcate the audio data
211 that 1s sent to the speech processing component 240.)

The VAD 520 may operate using a variety of VAD
techniques, including those described above with regard to
VAD operations performed by device 110. The VAD 520
may operate on raw audio data 211 such as that sent by
device 110 or may operate on feature vectors representing
the audio data 211. For example, the VAD 520 may take the
form of a deep neural network (DNN) and may operate on
a single feature vector representing the entirety of audio data
211 received from the device or may operate on multiple
feature vectors, for example feature vectors representing
frames of audio data where each frame covers a certain
amount of time of audio data (e.g., 25 ms). The VAD 520
may also use anchored speech detection where the system
takes a representation (such as a voice fingerprint, reference
teature vector, etc.) of a reference section of speech (such as
speech of a voice that uttered a previous command to the
system that included a wakeword) and compares a voice
detected in the audio data 211 to determine 1f that voice
matches a voice 1n the reference section of speech. If the
voices match, that may be an indicator to the VAD 520 that
speech was detected. If not, that may be an indicator to the
VAD 520 that speech was not detected. The VAD 520 may
also consider other data when determining if speech was
detected. The VAD 3520 may also consider speaker ID
information (such as may be output by user recognition
component 295), directionality data that may indicate what
direction (relative to the capture device 110) the mmcoming
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audio was received from. Such directionality data may be
received from the device 110 and may have been determined
by a beamformer or other component of device 110. The
VAD 520 may also consider data regarding a previous
utterance which may indicate whether the further audio data
received by the system 1s likely to include speech. Other
VAD techniques may also be used.

If the VAD output 521 indicates that no speech was
detected the system (through orchestrator 230 or some other
component) may discontinue processing with regard to the
audio data 211, thus saving computing resources that might
otherwise have been spent on other processes (€.g., ASR for
the audio data 211, etc.). If the VAD output 521 indicates
that speech was detected, the system may make a determi-
nation as to whether the speech was or was not directed to
the speech-processing system. Such a determination may be
made by the system directed detector 540. The system
directed detector 540 may 1nclude a trained model, such as
a DNN, that operates on a feature vector which represent
certain data that may be usetul 1n determining whether or not
speech was directed to the system. To create the feature
vector operable by the system directed detector 340, a
teature extractor 530 may be used. The feature extractor 530
may iput ASR results 541 which include results from the
processing of the audio data 211 by the speech recognition
component 250.

The ASR results 541 may 1nclude an N-best list of top
scoring ASR hypotheses and their corresponding scores,
portions (or all of) an ASR lattice with scores, portions (or
all of) an ASR search graph with scores, portions (or all of)
an ASR confusion network with scores, or other such ASR
output. As an example, the ASR results 541 may include a
trellis, which may include a raw search graph as scored
during ASR decoding. The ASR results 341 may also
include a lattice, which may be a trellis as scored that has
been pruned to remove certain hypotheses that do not exceed
a score threshold or number of hypotheses threshold. The
ASR results 541 may also include a confusion network
where paths from the lattice have been merged (e.g., merg-
ing hypotheses that may share all or a portion of a same
word). The confusion network may be a data structure
corresponding to a linear graph that may be used as an
alternate representation of the most likely hypotheses of the
decoder lattice. The ASR results 541 may also include
corresponding respective scores (such as for a trellis, lattice,
confusion network, individual hypothesis, N-best list, etc.).

The ASR results 541 (or other data 591) may include other
ASR result related data such as other features from the ASR
system or data determined by another component. For
example, the system may determine an entropy of the ASR
results (for example a trellis entropy or the like) that
indicates a how spread apart the probability mass of the
trellis 1s among the alternate hypotheses. A large entropy
(c.g., large spread of probability mass over many hypoth-
eses) may indicate the ASR component 250 being less
confident about 1ts best hypothesis, which i turn may
correlate to detected speech not being device directed. The
entropy may be a feature included in other data 591 to be
considered by the system directed detector 540.

The system may also determine and consider ASR decod-
ing costs, which may include features from Viterbi1 decoding
costs of the ASR. Such features may indicate how well the
input acoustics and vocabulary match with the acoustic
models 253 and language models 254. Higher Viterbi costs
may indicate greater mismatch between the model and the
grven data, which may correlate to detected speech not being
device directed. Confusion network feature may also be
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used. For example, an average number of arcs (where each
arc represents a word) from a particular node (representing
a potential join between two words) may measure how many
competing hypotheses there are 1n the confusion network. A
large number of competing hypotheses may indicate that the
ASR module 250 1s less confident about the top hypothesis,

which may correlate to detected speech not being device
directed. Other such features or data from the ASR results

541 may also be used as other data 591.

The ASR results 341 may be included 1n a system directed
detector (SDD) feature vector 531 that can be used to
determine whether speech was system-directed. Such ASR
results may be helpful 1n determining 1f speech was system-
directed. For example, 11 ASR results include a high scoring
single hypothesis, that may indicate that the speech repre-
sented 1n the audio data 211 was directed at, and intended
for, the device 110. If, however, ASR results do not include
a single high scoring hypothesis, but rather many lower
scoring hypotheses, that may 1indicate some confusion on the
part of the speech recognition component 250 and may also
indicate that the speech represented 1n the audio data 211
was not directed at, nor intended for, the device 110.

The feature extractor 530 may also imcorporate 1n an SDD
teature vector 531 representations of other data 5391. Other
data 591 may include, for example, word embeddings from
words output by the speech recognition component 250 may
be considered. Other data 591 may include, for example,
word embeddings from words output by the speech recog-
nition component 250 may be considered. Word embeddings
are vector representations of words or sequences of words
that show how specific words may be used relative to other
words, such as 1n a large text corpus. A word embedding
may be of a diflerent length depending on how many words
are 1n a text segment represented by the word embedding.
For purposes of the feature extractor 530 processing and
representing a word embedding in an SDD feature vector
531 (which may be of a fixed length), a word embedding of
unknown length may be processed by a neural network with
memory, such as an LSTM (long short term memory)
network. Each vector of a word embedding may be pro-
cessed by the LSTM which may then output a fixed repre-
sentation of the input word embedding vectors.

Other data 591 may also include, for example, NLU
output from the natural language 260 component may be
considered. Thus, 1f natural language output data 485 indi-
cates a high correlation between the audio data 211 and an
out-of-domain indication (e.g., no intent classifier scores
from ICs 364 or overall domain scores from recognizers 363
reach a certain confidence threshold), this may indicate that
the audio data 211 does not include system-directed speech.
Other data 591 may also include, for example, an indicator
ol a user/speaker as output user recognition component 295.
Thus, for example, 1f the user recognition component 295
does not indicate the presence of a known user, or indicates
the presence of a user associated with audio data 211 that
was not associated with a previous utterance, this may
indicate that the audio data 211 does not include system-
directed speech.

Other data 5391 may also include 1mage data. For example,
if 1mage data 1s detected from one or more devices that are
nearby to the device 110 (which may include the device 110
itsell) that captured the audio data being processed using the
system directed speech detector (283), the image data may
be processed to determine whether a user 1s facing an audio
capture device for purposes of determiming whether speech
1s system-directed.
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Other data 391 may also dialog history data. For example,
the other data 591 may include imnformation about whether a
speaker has changed from a previous utterance to the current
audio data 211, whether a topic of conversation has changed
from a previous utterance to the current audio data, how
NLU results from a previous utterance compare to NLU
results obtained using the current audio data 211, other
system context mnformation, or the like.

Other data 591 may also include information from the
user profile.

Other data 591 may also include direction data, for
example data regarding a direction of arrival of speech
detected by the device, for example a beam index number,
angle data, or the like. If second audio data 1s received from
a different direction than first audio data (such as the audio
data explained below 1n reference to FIGS. 7A-7C), then the
system may be less likely to declare the second audio data
to include system-directed speech since it 1s originating from
a different location.

Other data 391 may also include acoustic feature data
such as pitch, prosody, intonation, volume, or other data
descriptive of the speech 1n the audio data 211. As a user
may use a different vocal tone to speak with a machine than
with another human, acoustic feature information may be
usetul i determining 1f speech 1s device-directed.

Other data 591 may also include an indicator that indi-
cates whether the audio data 211 includes a wakeword. For
example, 11 a device 110 detects a wakeword prior to sending
the audio data 211 to the server(s) 120, the device 110 may
send along an indicator that the device 110 detected a
wakeword 1n the audio data 211. In another example, the
server(s) 120 may include another component that processes
incoming audio data 211 to determine 11 it includes a
wakeword. If 1t does, the component may create an indicator
indicating that the audio data 211 includes a wakeword. The
indicator may then be included in other data 591 to be
incorporated 1n the feature vector 531 and/or otherwise
considered by the system directed detector 540.

Other data 591 may also include device history data such
as information about previous operations related to the
device 110 that sent the audio data 211. For example, the
other data 591 may include information about a previous
utterance that was just executed, where the utterance origi-
nated with the same device 110 as a current utterance and the
previous utterance was within a certain time window of the
current utterance. Device history data may be stored in a
manner associated with the device identifier (which may
also be mncluded 1n other data 5391), which may also be used
to track other information about the device, such as device
hardware, capability, location, etc.

The other data 581 used by the VAD 3520 may include
similar data and/or different data from the other data 391
used by the feature extractor 530.

The feature extractor 330 may output a single SDD
feature vector 531 for one utterance/instance of input audio
data 511. The SDD feature vector 531 may consistently be
a fixed length, or may be a variable length vector depending
on the relevant data available for particular audio data 211.
Thus, the system directed detector 540 may output a single
SDD result 541 per utterance/instance ol mmput audio data
511. The SDD result 541 may be a binary indicator. Thus, 1f
the incoming audio data 211 includes system-directed
speech, the system directed detector 540 may output an
indicator 541 that the audio data 211 does includes system-
directed speech (e.g., a 1) and 11 the incoming audio data 211
does not includes system-directed speech, the system
directed detector 540 may output an indicator 341 that the
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audio data 211 does not system-directed includes speech
(e.g., a 0). Although not illustrated in FIG. SA, the flow of
data to and from the system directed speech detector 2835
may be managed by the orchestrator 230 or by one or more
other components.

The trained model(s) of the system directed detector 540
may be trained on many different examples of SDD feature
vectors that include both positive and negative traiming,
samples (e.g., samples that both represent system-directed
speech and non-system directed speech) so that the DNN
and/or other trained model of the system directed detector
540 may be capable of robustly detecting when speech 1s
system-directed versus when speech 1s not system-directed.

The process for determine whether incoming audio data
211 includes system-directed speech (for example using
system directed speech detector 285) 1s 1illustrated 1n FIG.
5B. As shown, the system detects (560) 11 there 1s voice
activity in the detected audio data 211, for example using
VAD 520. If there 1s no voice activity detected (560: No)
(e.g. VAD output 521 indicates no voice activity), the system
may cancel (562) turther processing for the audio data. In
addition, 11 there 1s no voice activity detected (560: No), the
system may send an instruction to the device 110 to stop
sending audio data to the server(s) 120. If there 1s voice
activity detected (560: Yes) (e.g. VAD output 521 indicates
voice activity), the system may send (564) the audio data for
ASR/NLU processing by the speech processing components
240. The system then determines whether (566) detected
speech 1s system-directed, for example using the feature
extractor 5 and system directed detector 540. If the speech
1s not determined to be system-directed (566: No) (e.g. SDD
result 541 indicates no system-directed speech), the system
may cancel (562) further processing for the audio data. In
addition, 11 the speech 1s not determined to be system-
directed (566: No), the system may send an instruction to the
device 110 to stop sending audio data to the server(s) 120.
I1 the speech 1s determined to be system-directed (566: Yes)
(e.g. SDD result 541 indicates system-directed speech), the
system may cause (568) execution ol speech processing
results which may include continuing speech processing
(e.g., NLU processing) 1 not already complete, sending
speech processing results to further components such as an
application 290 for further action, etc. The system may also
update the system context to reflect actions taken by the
system since detecting the audio data 211 and processing the
various ASR and/or NLU results.

FIG. 6 illustrates the user profile storage 270 that includes
data regarding customer profiles as well as individual user
profiles 602. For illustration, as shown in FIG. 6, each user
profile 602 may include information indicating system
executable commands that are enabled with respect to the
user profile. Each enabled command may be associated with
a user preference regarding whether a device should remain
connected to the server, and continue sending audio to the
server, alter content responsive to the command 1s output by
the device. Moreover, an enabled command associated with
a user prelerence indicating a device’s connection to the
server may additionally be associated with a user preference
regarding how long the device should be connected to the
server prior to the device re-entering sleep mode and again
requiring the user speak a keyword to input a command. A
user profile may also include data regarding other user
specific features such as likelthood of the user speaking
multiple commands 1n succession, the user’s dialog history
regarding previous utterances spoken to the system, efc.
Each user profile 602 may additionally include other data
not explicitly 1llustrated.

10

15

20

25

30

35

40

45

50

55

60

65

22

A user may speak various types of commands to the
system (e.g., requests for information to be output, request
for music to be streamed, etc.). A user may also speak a
command causing the system to cease output of content
presently being output. For example, while the system 1s
streaming music to the user, the user may say “stop output
of music,” “cancel,” or the like. In response, the system
ceases output of the music to the user. The user may speak
such a command to the system because the user 1s about to
begin a meeting, because the user wants to stop interacting
with the system for the moment, etc. Thus, when a user
speaks a command to the system to cease output of content,
the system may be configured to not re-enable the device to
which the user spoke the command to send further audio
without first detecting a wakeword.

FIGS. 7A and 7B illustrate the processing performed
when a command to cease output of content 1s mput to the
system. A device 110 receives (702) input audio correspond-
ing to an utterance. The device 110 generates (704) mnput
audio data corresponding to the input audio and sends (706)
the mput audio data to the server(s) 120.

The server(s) 120 performs (132) speech processing on
the mput audio data to determine a command. The server(s)
120 determines (708) whether the command corresponds to
a request for content being output to no longer be output. For
example, the system may be outputting music or video
content, and the command may request the music or video
content no longer be output. Such a command may corre-
sponding to speech such as *“cancel,” “cease output,”
“pause,” or the like. A command may implicitly correspond
to a request for the system to cease output of currently output
content. The server(s) 120 may implement at least one
trained classifier to determine whether a command 1mplicitly
requests currently output content cease being output.

If the server(s) 120 determines the command requests
content no longer be output, the server(s) 120 causes (710)
the device 110 to cease output of currently output content
and does not send an 1nstruction to the device 110 to send
further audio data without first detecting a wakeword. For
example, if the server(s) 120 1s continuously sending the
currently output content to the device 110 so the device 110
can stream the content to the user, the server(s) 120 may
simply cease sending content to the device. It the server(s)
120 previously sent the device 110 the entirety of the
currently output content, the server(s) 120 may send to the
device 110 an instruction to cease output of the currently
output content. Conversely, i1 the server(s) 120 determines
the command does not request content no longer be output,
the server(s) 120 determines (712) content responsive to the
command. The server(s) 120 may also determine (713) that
turther user input (1n the form of audio data or the like) 1s not
needed to complete processing of the command. The
server(s) 120 may determine the content using a 1P appli-
cation. Alternatively, the server(s) 120 may determine the
server(s) 120 should invoke a 3P skill operated by a content
source server(s) 125 to determine the content. In such a
situation, the server(s) 120 may send (714) a request for
content responsive to the command to the content source
server(s) 125. In return, the server(s) 120 may receive (716)
content data. The server(s) 120 may alternatively receive the
content data as audio data, 1n which case the server(s) 120
simply sends the received content data to the device 110 as
output audio data.

If content data 1s received as text data, the server(s) 120
may perform text-to-speech processing on the text data to
generate (718) output audio data. The server(s) 120 sends
(720) the output audio data to the device. The server(s) 120
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may also send (722) an instruction to the device 110 to send
turther 1put audio data corresponding to further captured
audio without detecting a wakeword even though the system
does not need further user mput to complete processing of
the mitial command. For example, the instruction may
instruct the device 110 to send the first thirty (30) seconds of
audio captured without a wakeword.

The device 110 outputs (724) audio corresponding to the
output audio data. If the device 110 receives the instruction
from the server, the device 110 may connect (726) to the
server to send audio data without first detecting a wakeword,
receive (728) second input audio, generate (730) second
input audio data corresponding to the second mput audio,
and send (732) the second mput audio data to the server(s)
120 without first detecting a wakeword or performing VAD
techniques. Upon receiving the second mput audio data, the
server(s) 120 determines (734) whether the second input
audio data includes system-directed speech using the com-

ponents and steps 1llustrated 1n and described with respect to
FIGS. 5A and 5B. If the server(s) 120 determines the second

input audio data includes system-directed speech, the
server(s) 120 then operates on the second input audio data to
ultimately provide user with content responsive to a com-
mand represented in the second input audio data.

The server(s) 120 may imstruct the device 110 to activate
a light indicator (e.g., a light ring) upon detecting a spoken
wakeword. The server(s) 120 may then cause the device 110
to deactivate the light indicator while the server(s) 120
processes audio data sent thereto by the device 110. The
server(s) 120 may further instruct the device 110 to reacti-
vate the light indicator once content responsive to a com-
mand 1s output and the device 1s sending audio data to the
server(s) 120. The server(s) 120 instructs the device 110 to,
once again, deactivate the light indicator once a time out
period has transpired and the device 110 stops sending audio
data to the server(s) 120.

In other situations, the device 110 may be configured to
display content 1n addition to outputting audio. In such
situations, 1f the server(s) 120 receives the content data as
text data, the server(s) 120 may simply send the received
content data as output text data to the device 110, which the
device 110 displays as text. I the server(s) 120 receives the
content data as audio data, the server(s) 120 may perform
speech recognition processing on the audio data to generate
output text data, which the server(s) 120 sends to the device
110 for display as text.

A user may also speak a command to the system that
results 1n dialog driven slot filling. For example, the user
may say “order me a pi1zza.” In order for the system to order
the user a pizza, the system may need more information
from the user, such as the establishment to order the pizza
from, the type of pi1zza the user wants, when the user wants
the pizza finished, etc. The system may engage 1n dialog
driven slot filling to receive the additional information
needed. For example, after the system receives the user’s
command of “order me a pizza,” the system may output
computerized speech corresponding to “where should 1
order the pizza from.” In response to the user speaking to the
system the place from which the system should order pizza,
the system may then output computerized speech corre-
sponding to “what kind of pizza would you like.” In
response to the user speaking to the system the kind of p1zza,
the system may output computerized speech corresponding,
to “what time do you want the pizza delivered.” The user
may then speak to the system a delivery time. The system
and user may engage 1n multiple rounds of dialog until the
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system has all the information needed to execute the 1nitial
command (e.g., ordering a pizza according to the aloremen-
tioned example).

Dialog driven slot filling may be considered to occur
during a single turn since dialog driven slot filling occurs
between the speaking of a command and the execution of the
command. Moreover, dialog driven slot filling may be
directed by a 1P or 3P application that will ultimately
execute the spoken command. Each application may cause
the system to cause the device 110 to continue to send audio
data corresponding to further captured audio after synthe-
s1zed speech soliciting further information 1s output to the
user. That 1s, for a 3P application, a content source server(s)
125 operating the 3P application may send an instruction to
the server(s) 120 to output synthesized speech requesting
certain information as well as send an instruction to the
server(s) 120 to cause the device 110 to capture user speech
corresponding to the requested information (and potentially
without the wakeword) once the synthesized speech 1s done
being output. Since the content source server(s) 125 directs
the server(s) 120 as to when to cause the device 110 to send
audio data without first detecting a wakeword, the server(s)
120 may not necessarily make its own determination of
when to cause the device 110 to send non-wakeword audio
data when a command resulting 1n dialog driven slot filling
1s recerved.

FIG. 8 illustrates the processing performed when a com-
mand resulting 1n dialog driven slot filling 1s input to the
system. Upon performing (132) speech processing on input
audio data to determine a command, the server(s) 120
determines (802) an application configured to execute the
command. The server(s) 120 then determines (804) whether
the command, as executed by the application, will require
dialog driven slot filling. If dialog driven slot filling will be
required, the server(s) 120 causes (806) the device to send
audio data without first detecting a wakeword as directed by
the application. If dialog driven slot filling will not be
required, the system performs some or all of steps 712
through 726 described with respect to FIGS. 7A and 7B.

As an extension of FIG. 8, in response to receiving a
request for content, the content source server(s) 125 may
send an 1nstruction to the device 110 to send further audio
data without first capturing a wakeword. If the server(s) 120
detects the instruction, the server(s) 120 may not send a
separate instruction to cause the device 110 to send further
audio data without first capturing a wakeword.

A user may speak various commands to the system.
Sometimes, the user may speak a command that 1s unrec-
ognized by the system (e.g., the system 1s not configured to
executed the command). Other times, the user may speak a
command to the system, but the system has low confidence
that 1ts determined command corresponds to the command
actually spoken by the user. FIG. 9 illustrates the processing
performed 1n such situations.

The server(s) 120 pertorms (902) speech recognition
processing on input audio data to determine input text data
as well as a speech recognition confidence score indicating
a likelihood that the mput audio data corresponds to the
input text data. The server(s) 120 also performs (904 ) natural
language processing on the mput text data to determine a
command as well as a natural language confidence score
indicating a likelihood that the input text data corresponds to
the command.

The server(s) 120 determines (906) whether the speech
recognition confidence score and the natural language con-
fidence score satisty (e.g., meet or exceed) a threshold
confidence score. The speech recognition confidence score
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may be compared against a threshold speech recognition
score and the natural language confidence score may be
compared against a threshold natural language score, or the
speech recognition confidence score and the natural lan-
guage confldence score may each be compared against a
single threshold score. Speech recognition processing may
output an N-best list of speech recognition confidence
scores. Likewise, natural language processing may output an
N-best list of natural language confidence scores. In such
instances, the top scoring item in the N-best list(s) may be
compared to an appropriate threshold score.

If the server(s) 120 determines one or both of the speech
recognition confidence score (or the top score 1n an N-best
list) and the natural language confidence score (or the top
score 1n an N-best list) satisfies an applicable threshold
score, the server(s) 120 generates (908) output audio data
corresponding to synthesized speech indicating the input
command 1s not recognized/not executed. The server(s) 120
sends (910) the output audio data to the device 110, which
outputs (912) audio corresponding to the output audio data.

If the server(s) 120 determines both of the speech recog-
nition confidence score (or the top score 1 an N-best list)
and the natural language confidence score (or the top score
in an N-best list) satisty one or more applicable threshold
scores, the system performs some or all of steps 712 through
726 described with respect to FIGS. 7A and 7B.

A user may speak a command to the system to output
long-form content, such as music or multimedia content
including video and audio. The system may not cause a
device used to output the long-form streaming content to
send further audio data corresponding to audio captured
during output of the long-form streaming content, as that
may be disruptive to the user.

Long-form content may also include voice over Internet
Protocol (VOIP) communications as well as other commu-
nications where two users communicate via two diflerent
devices 110 over an extended length of time. In long-form
communication situations, a communication channel may be
established between at least two devices 110. In such situ-
ations, 1t may be unbeneficial for the system to receive
non-wakeword audio of the devices 110 associated with the
communication channel, outside of the communication
channel context. Thus, long-form content as used herein 1s
not limited to situations where the system causes non-user
generated content to be output to a user.

FIGS. 10A and 10B 1illustrate the processing performed
when a command requesting the output of long-form stream-
ing content 1s input to the system. Upon performing (132)
speech processing on input audio data to determine a com-
mand, the server(s) 120 determines (1002) whether the
command requests the output of long-form streaming con-
tent. Long-form streaming content may be content having an
output duration above a threshold output duration.

If the server(s) 120 determines the command requests the
output of long-form streaming content, the server(s) 120
determines (1004) output data corresponding to the long-
form streaming content. The server(s) 120 may determine
the output data from a 1P application or a 3P application.
The server(s) 120 streams (1006) the output data to the
device 110. The device 110 outputs (1008) content as the
output data stream 1s received. The server(s) 120 also
refrains (914) from sending an instruction to the device 110
that would cause the device 110 to send further audio data
without first determining whether the audio data includes
speech corresponding to a wakeword.

If the server(s) 120 determines the command does not
request the output of long-form streaming content, the
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server(s) 120 determines (1012) non-long-form content
responsive to the command. Non-long-form content may
include content that may be sent in a non-streaming trans-
mission to the device 110. The server(s) 120 may also
determine (713) that further user mput (in the form of audio
data or the like) 1s not needed to complete processing of the
command. The server(s) 120 sends (720) output audio data
corresponding to the non-long-form content to the device
110. The server(s) 120 also sends (722) an instruction to the
device 110 to send further audio data without first detecting
a wakeword. The device 110 outputs (724) audio corre-
sponding to the output audio data and, thereafter, connects
(726) to the server to send audio data to the server without
first determiming whether the audio data includes speech
corresponding to a wakeword.

As described, a user may speak various commands to the
system. The commands may range 1n a variety of topics as
well as a variety of types of content to be output. Some of
the commands may be related. That 1s, when a {irst com-
mand 1s mput to the system, 1t may be likely that a second
command will be mput to the system thereafter based on the
nature of the first and second command. For example, 1t may
be likely that a user will speak a command requesting
weather imformation for a specific location after the user
speaks a command requesting the system to book a tlight for
the user to the location. The system may analyze previous
usages ol various system users and construct a database of
pairs of commands likely to be invoked adjacent in time by
any given user.

FIGS. 11A and 11B illustrate the processing performed
when a command 1s iput to the system. After the server(s)
120 performs (132) speech processing on input audio data to
determine a command, the server(s) 120 determines (1102)
whether the command 1s of a type likely to be followed by
a subsequent command. For example, the server(s) 120 may
analyze system usage histories of multiple users of the
system to determine commands that are likely to be spoken
adjacent 1n time. For example, the server(s) 120 may deter-
mine a command corresponding to a request to book a tlight
may be followed by a command for weather information.

If the server(s) 120 determines the command i1s not of a
type likely to be followed by a subsequent command, the
server(s) 120 determines (1104) output audio data respon-
sive to the command. The server(s) 120 sends (910) the
output audio data to the device 110, which outputs (912)
audio corresponding to the output audio data. The server(s)
120 also refrains (914) from sending an instruction to the
device 110 that would cause the device 110 to send further
audio data without first determining whether the audio data
includes speech corresponding to a wakeword.

If the server(s) 120 determines the command 1s of a type
likely to be {followed by a subsequent command, the
server(s) 120 determines (712) content responsive to the
command. The server(s) 120 may also determine (713) that
turther user mput (in the form of audio data or the like) 1s not
needed to complete processing of the command. The
server(s) 120 generate (718) output audio data correspond-
ing to the content. The server(s) 120 sends (720) the output
audio data to the device 110. The server(s) 120 also sends
(722) an mstruction to the device 110 to send further audio
data without first detecting a wakeword. The device 110
outputs (724) audio corresponding to the output audio data
and, thereafter, re-enables sending of audio data to the server
without first detecting a wakeword.

A user may provide the system with preferences regarding
when the user wants the system to cause a device to send
non-wakeword triggered audio so the user can speak a
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subsequent command without having to first speak a key-
word. FIG. 12 1llustrates the processing performed to deter-
mine whether to send non-wakeword triggered audio based
on a user preference.

After performing (132) speech processing on mput audio
data to determine a command, the server(s) 120 determines
(1202) whether a user preference to indicates whether fur-
ther audio data should be sent. For example, the server(s)
120 may determine whether a profile associated with the
device 110 and/or the user that spoke the command includes
information indicating that further non-wakeword audio
should be sent to the system 1n response to the presently
determined input command.

If the server(s) 120 determines a user preference indicates
turther audio should be sent without a wakeword (1202:
Yes), the server(s) 120 determines (712) content responsive
to the command. The server(s) 120 may also determine
(713) that further user input (1n the form of audio data or the
like) 1s not needed to complete processing of the command.
The server(s) 120 generates (718) output audio data corre-
sponding to the content. The server(s) 120 sends (720) the
output audio data to the device 110. The server(s) 120 also
sends (722) an instruction to the device 110 to, upon
completing output of audio corresponding to the output
audio data, send further audio data without first detecting a
wakeword. The device 110 outputs (724) audio correspond-
ing to the output audio data and, thereafter, sends audio data
to the server(s) 120 without first detecting a wakeword in the
audio data.

If the server(s) 120 determines there 1s no user preference
indicating further audio should be sent without a wakeword
(1202: Nos), the server(s) 120 determines (1204) whether i1t
should cause the device 110 to send non-wakeword audio
data based on a non-user preference decision (e.g., as
described herein above).

The system may be configured to only send non-wake-
word audio data a certain number of times 1n a row, after
which the system may require a user speak a wakeword to
input a subsequent command to the system (as 1llustrated 1n
FIG. 13). The server(s) 120 determines (1302) the device
should send audio data to the server(s) 120 without first
detecting the present of a wakeword 1n the audio data. Such
determination may include one or more of the teachings
disclosed herein. The server(s) 120 also determines (1304) a
number of times the device has been consecutively
instructed to send audio data without detection of a wake-
word. The server(s) 120 determines (1306) whether the
number of times the device has been so 1nstructed exceeds
a threshold number of consecutive times. The threshold
number of consecutive times may be configurable. If the
number ol times the device has been consecutively so
instructed does not exceed the threshold number of times
(1306: No), the server(s) 120 may cause (1308) the device
to re-enable sending audio data to the server(s) 120 without
first detecting a wakeword 1n the audio data. If the number
of times the device has been consecutively so instructed
exceeds the threshold number of times (1306: Yes), the
server(s) 120 may cause (1310) the device to only send
audio data to the server(s) 120 after detecting a wakeword 1n
captured audio.

The system may also be configured to refrain from
enabling a device to send non-wakeword triggered audio
data 1f the 1nitial command corresponded to a request for
output of media content (e.g., media content including audio
output) regardless of the length of audio output.

Although the above description 1illustrates the techmiques
performed with regard to audio data triggered by a wake-
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word, the techniques may apply to any wake command that
instructs a device to send audio data to the server. For
example, a button push, gesture, or other action may be
considered a wake command. Thus wake command may be
substituted for discussions of a wakeword herein. Thus, for
any instance herein of the system instructing a device to send
(or to cease sending) audio data without first detecting a
wakeword may also be considered instructing the device to
send (or cease sending) audio data without first detecting
any wake command.

Various machine learning techniques may be used to train
and operate models to operate various components and
perform various steps described above, such as voice activ-
ity detection, system directed detection, user recognition,
when to 1nstruct a local device to send further audio data
without first detecting a wakeword, etc. Models may be
trained and operated according to various machine learning
techniques. Such techniques may include, for example,
neural networks (such as deep neural networks and/or recur-
rent neural networks), inference engines, trained classifiers,
etc. Examples of trained classifiers include Support Vector
Machines (SVMs), neural networks (such as deep neural
networks (DNNs)), decision trees, AdaBoost (short for
“Adaptive Boosting”) combined with decision trees, and
random forests. Focusing on SVM as an example, SVM 1s
a supervised learning model with associated learning algo-
rithms that analyze data and recognize patterns 1n the data,
and which are commonly used for classification and regres-
s1on analysis. Given a set of training examples, each marked
as belonging to one of two categories, an SVM ftraining
algorithm builds a model that assigns new examples into one
category or the other, making 1t a non-probabailistic binary
linear classifier. More complex SVM models may be built
with the training set identifying more than two categories,
with the SVM determining which category 1s most similar to
input data. An SVM model may be mapped so that the
examples of the separate categories are divided by clear
gaps. New examples are then mapped into that same space
and predicted to belong to a category based on which side of
the gaps they fall on. Classifiers may i1ssue a “‘score”
indicating which category the data most closely matches.
The score may provide an indication of how closely the data
matches the category.

In order to apply the machine learning techniques, the
machine learming processes themselves need to be trained.
Training a machine learning component such as, 1n this case,
one of the first or second models, requires establishing a
“oround truth” for the training examples. In machine leamn-
ing, the term “ground truth” refers to the accuracy of a
training set’s classification for supervised learning tech-
niques. Various techniques may be used to train the models
including backpropagation, statistical learning, supervised
learning, semi-supervised learning, stochastic learning, or
other known techniques.

FIG. 14 1s a block diagram conceptually 1llustrating a user
device 110 that may be used with the system. FIG. 15 1s a
block diagram conceptually illustrating example compo-
nents of a remote device, such as the server(s) 120, which
may assist with speech recognition processing, natural lan-
guage processing, or command processing. Multiple servers
120 may be included 1n the system, such as one server 120
for performing speech recognition processing, one server
120 for performing natural language processing, etc. In
operation, each of these devices (or groups of devices) may
include computer-readable and computer-executable
instructions that reside on the respective device (110/120),
as will be discussed further below.
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Each of these devices (110/120) may include one or more
controllers/processors (1404/1504), which may each include
a central processing unit (CPU) for processing data and
computer-readable 1nstructions, and a memory (1406/1506)
for storing data and instructions of the respective device.
The memories (1406/1506) may individually include vola-
tile random access memory (RAM), non-volatile read only
memory (ROM), non-volatile magnetoresistive memory
(MRAM), and/or other types of memory. Each device (110/
120) may also include a data storage component (1408/
1508) for storing data and controller/processor-executable
instructions. Each data storage component (1408/1508) may
individually include one or more non-volatile storage types
such as magnetic storage, optical storage, solid-state storage,
etc. Each device (110/120) may also be connected to remov-
able or external non-volatile memory and/or storage (such as
a removable memory card, memory key drive, networked

storage, etc.) through respective mput/output device inter-
taces (1402/1502).

Computer instructions for operating each device (110/
120) and 1ts various components may be executed by the
respective device’s controller(s)/processor(s) (1404/1504),
using the memory (1406/1506) as temporary “working”
storage at runtime. A device’s computer instructions may be
stored 1n a non-transitory manner in non-volatile memory
(1406/1506), storage (1408/1508), or an external device(s).
Alternatively, some or all of the executable instructions may
be embedded i1n hardware or firmware on the respective
device 1n addition to or instead of software.

Each device (110/120) includes input/output device inter-
faces (1402/1502). A variety of components may be con-
nected through the input/output device interfaces (1402/
1502), as will be discussed further below. Additionally, each
device (110/120) may include an address/data bus (1424/
1524) for conveying data among components of the respec-
tive device. Each component within a device (110/120) may
also be directly connected to other components 1n addition

to (or instead of) being connected to other components
across the bus (1424/1524).

Referring to FIG. 1414, the device 110 may include
input/output device interfaces 1402 that connect to a variety
of components such as an audio output component such as
a speaker 1412, a wired headset or a wireless headset (not
illustrated), or other component capable of outputting audio.
The device 110 may also include an audio capture compo-
nent. The audio capture component may be, for example, a
microphone 1420 or array of microphones, a wired headset
or a wireless headset (not illustrated), etc. If an array of
microphones 1s included, approximate distance to a sound’s
point of origin may be determined by acoustic localization
based on time and amplitude differences between sounds
captured by different microphones of the array.

Via antenna(s) 1414, the mput/output device interfaces
1402 may connect to one or more networks 199 via a
wireless local area network (WLAN) (such as Wik1) radio,
Bluetooth, and/or wireless network radio, such as a radio
capable of communication with a wireless communication
network such as a Long Term Evolution (LTE) network,
WIMAX network, 3G network, 4G network, 5G network,
etc. A wired connection such as Ethernet may also be
supported. Through the network(s) 199, the system 100 may
be distributed across a networked environment. The I/O
device interface (1402/1502) may also include communica-
tion components that allow data to be exchanged between
devices such as different physical servers in a collection of
servers or other components.
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The components of the device(s) 110 and the server(s)
120 may include their own dedicated processors, memory,
and/or storage. Alternatively, one or more of the components
of the device(s) 110 and the server(s) 120 may utilize the I/O
interfaces (1402/1502), processor(s) (1404/1504), memory
(1406/1506), and/or storage (1408/1508) of the device(s)
110 and server(s) 120, respectively. Thus, the speech rec-
ognition component 250 may have 1ts own 1I/O interface(s),
processor(s), memory, and/or storage; the natural language
component 260 may have 1ts own I/O interface(s),
processor(s), memory, and/or storage; and so forth for the
various components discussed herein.

As noted above, multiple devices may be employed 1n a
single system. In such a multi-device system, each of the
devices may include different components for performing
different aspects of the system’s processing. The multiple
devices may 1nclude overlapping components. The compo-
nents of the device 110 and the server(s) 120, as described
herein, are exemplary, and may be located as a stand-alone
device or may be included, in whole or 1 part, as a
component of a larger device or system.

As 1llustrated 1n FIG. 16, multiple devices (110a-110g,
120, 125) may contain components of the system and the
devices may be connected over a network(s) 199. The
network(s) 199 may include a local or private network or
may include a wide network such as the Internet. Devices
may be connected to the network(s) 199 through either
wired or wireless connections. For example, a speech-
detection device 110a, a smart phone 1105, a smart watch
110¢, a tablet computer 1104, a vehicle 110e, a display
device 110/, and/or a smart TV 110g may be connected to the
network(s) 199 through a wireless service provider, over a
WiF1 or cellular network connection, or the like. Other
devices are included as network-connected support devices,
such as the server(s) 120, the content source server(s) 125,
or others. The support devices may connect to the
network(s) 199 through a wired connection or wireless
connection. Networked devices may capture audio using
one-or-more built-in or connected microphones or other
audio capture devices, with processing performed by speech
recognition components, natural language components, or
other components of the same device or another device
connected via the network(s) 199, such as the speech rec-
ognition component 250, the natural language component
260, etc. of one or more servers 120.

The concepts disclosed herein may be applied within a
number of different devices and computer systems, 1nclud-
ing, for example, general-purpose computing systems,
speech processing systems, and distributed computing envi-
ronments.

The above aspects of the present disclosure are meant to
be 1illustrative. They were chosen to explain the principles
and application of the disclosure and are not intended to be
exhaustive or to limit the disclosure. Many modifications
and variations of the disclosed aspects may be apparent to
those of skill in the art. Persons having ordinary skill in the
field of computers and speech processing should recognize
that components and process steps described herein may be
interchangeable with other components or steps, or combi-
nations of components or steps, and still achieve the benefits
and advantages of the present disclosure. Moreover, it
should be apparent to one skilled in the art, that the disclo-
sure may be practiced without some or all of the specific
details and steps disclosed herein.

Aspects of the disclosed system may be implemented as
a computer method or as an article of manufacture such as
a memory device or non-transitory computer readable stor-
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age medium. The computer readable storage medium may
be readable by a computer and may comprise instructions
for causing a computer or other device to perform processes
described 1n the present disclosure. The computer readable
storage medium may be implemented by a volatile computer
memory, non-volatile computer memory, hard drive, solid-
state memory, flash drive, removable disk, and/or other
media. In addition, components of system may be 1mple-
mented as 1n firmware or hardware, such as an acoustic front
end (AFE), which comprises, among other things, analog
and/or digital filters (e.g., filters configured as firmware to a
digital signal processor (DSP)).

Conditional language used herein, such as, among others,
can,” “could,” “might,” “may,” “e.g.,” and the like, unless
specifically stated otherwise, or otherwise understood within
the context as used, 1s generally intended to convey that
certain embodiments include, while other embodiments do
not include, certain features, elements and/or steps. Thus,
such conditional language 1s not generally intended to imply
that features, elements, and/or steps are 1n any way required
for one or more embodiments or that one or more embodi-
ments necessarily include logic for deciding, with or without
other input or prompting, whether these features, elements,
and/or steps are included or are to be performed in any
particular embodiment. The terms “comprising,” “includ-
ing,” “having,” and the like are synonymous and are used
inclusively, in an open-ended fashion, and do not exclude
additional elements, features, acts, operations, and so forth.
Also, the term “‘or” 1s used 1n 1ts 1inclusive sense (and not in
its exclusive sense) so that when used, for example, to
connect a list of elements, the term “or” means one, some,
or all of the elements in the list.

Disjunctive language such as the phrase “at least one of X,
Y, 7Z,” unless specifically stated otherwise, 1s understood
with the context as used 1n general to present that an 1tem,
term, etc., may be either X, Y, or Z, or any combination
thereol (e.g., X, Y, and/or 7). Thus, such disjunctive lan-
guage 1s not generally intended to, and should not, imply that
certain embodiments require at least one of X, at least one
ol Y, or at least one of Z to each be present.

As used 1n this disclosure, the term “a” or “one” may
include one or more items unless specifically stated other-
wise. Further, the phrase “based on™ 1s intended to mean
“based at least 1n part on” unless specifically stated other-
wise.

What 1s claimed 1s:

1. A computer-implemented method comprising:

receiving, from a first device, first mput audio data

corresponding to a {irst utterance;

performing, by at least one second device, speech pro-

cessing on the first input audio data to determine a first
command;:

determining, by the at least one second device, the first

input audio data 1s sutlicient to complete processing of
the first command;

determining, by the at least one second device, first output

data responsive to the first command;

sending, to the first device, the first output data;

determining, by the at least one second device, that the

first command corresponds to a command type that 1s
likely to be followed by a new command within a time
threshold;

instructing, based at least 1n part on the command type of

the first command, the first device to send turther input
audio data corresponding to further input audio without
the first device determining a presence of a keyword in

the further input audio data;
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recetving, from the first device, second 1nput audio data;

determiming, by the at least one second device, the second

mput audio data corresponds to a second utterance
intended for speech processing;

performing, by the at least one second device, speech

processing on the second 1nput audio data to determine
a second command:;
determining, by the at least one second device, second
output data responsive to the second command; and
sending, to the first device, the second output data.

2. The computer-implemented method of claim 1, further
comprising;

receiving, from the first device, third mput audio data

corresponding to a third utterance;

performing speech processing on the third input audio

data to determine a third command requesting playback
of media content including audio data;

determining third output data responsive to the third

command;

sending, to the first device, the third output data; and

send an 1nstruction to the first device to cease sending

non-keyword triggered audio data.

3. The computer-implemented method of claim 1, further
comprising;

determining a profile associated with the first device 1s

associated with an indicator indicating permission for
the first device to send audio data without first detecting
a wakeword;

determiming a second device associated with the first

output data;
recerving the first output data from the second device; and
determining that no further output data 1s required from
the second device to respond to the first command,

wherein the nstructing the first device occurs after deter-
mining that no further output data 1s required from the
second device.

4. The computer-implemented method of claim 1,
wherein determining, by the at least one second device, the
second mmput audio data corresponds to a second utterance
intended for speech processing comprises:

processing the second input audio data to determine the

second 1put audio data represents speech; and

alter determining that the second 1nput audio data repre-

sents speech, determining, using a trained model and at
least a portion of automatic speech recognition (ASR)
result data corresponding to the second input audio
data, that the second input audio data corresponds to
speech mntended for further processing.

5. A system comprising:

at least one processor; and

at least one memory including instructions that, when

executed by the at least one processor, cause the system

to:

receive, from at least one first device, input audio data
representing an utterance;

perform, by at least one second device, speech process-
ing on the mput audio data to determine command
data;

determine, by the at least one second device, that the
command data 1s suflicient mput data to generate
output data to respond to the utterance;

send, to the at least one first device, output data
responsive to the command data;

determine, by the at least one second device, that the
command data corresponds to a command type that
1s likely to be followed by a new command within a
time threshold; and
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send, based at least 1n part on the command type, to the
at least one first device, an instruction to send further
input audio data corresponding to further input audio
without the at least one first device detecting a wake
command.
6. The system of claim 5, wherein the instructions, when
executed by the at least one processor, further cause the
system to:
receive, from the at least one first device, second 1nput
audio data corresponding to a second utterance;

perform speech processing on the second mput audio data
to determine a second command to cancel output of
content; and

determine, based on the second command, to instruct the

at least one first device to cease sending non-wake
command triggered audio data.
7. The system of claim 35, wherein the 1nstructions, when
executed by the at least one processor, further cause the
system to:
receive, from the at least one first device, second 1nput
audio data corresponding to a second utterance;

perform speech recognition processing on the second
input audio data to generate iput text data and a speech
recognition score;
perform natural language processing on the input text data
to determine a second command and a natural language
SCOTe;

determine at least one of the speech recognition score or
the natural language score falls below a threshold
speech processing score; and
determine, based on at least one of the speech recognition
score or the natural language score falling below a
threshold speech processing score, to instruct the at
least one first device to cease sending non-wake com-
mand triggered audio data.
8. The system of claim 3, wherein the 1nstructions, when
executed by the at least one processor, further cause the
system to:
receive, from the at least one first device, second 1nput
audio data corresponding to a second utterance;

perform speech processing on the second input audio data
to determine a second command requesting playback of
media content including audio data;

determine second output data responsive to the second

command;

send, to the at least one first device, the second output

data; and

instructing the at least one first device to cease sending

non-wake command triggered audio data.

9. The system of claim 3, wherein the 1nstructions, when
executed by the at least one processor, further cause the
system to:

determine a profile includes a user preference indicating

permission to send non-wake command triggered audio
data; and

send, based on the user preference and the input audio

data corresponding to the command data, the instruc-
tion to the at least one first device.

10. The system of claim 5, wherein the instructions, when
executed by the at least one processor, further cause the
system to:

determine at least one third device associated with the

output data;

receive the output data from the at least one third device;

and

determine that no further output data 1s required from the

at least one third device to respond to the utterance,
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wherein sending the instruction to the at least one first
device occurs after determiming that no further output
data 1s required from the at least one third device.

11. The system of claim 5, wherein the 1nstructions, when
executed by the at least one processor, further cause the
system to:

determine a number of times the at least one first device

has been instructed to send non-wake command trig-
gered audio, the number of times corresponding to

consecutive mput commands;
determine the number of times fails to exceed a threshold
number of times; and
turther based on the number of times failing to exceed the
threshold number of times, instruct the at least one first
device to send the further input audio data.
12. A computer-implemented method comprising:
recerving, from at least one first device, input audio data
representing an utterance;
performing, by at least one second device, speech pro-
cessing on the mput audio data to determine command
data;
determining, by the at least one second device, that the
command data 1s sutlicient input data to generate output
data to respond to the utterance;
sending, to the at least one first device, output data
responsive to the output data;
determiming, by the at least one second device, a profile
includes a user preference indicating permission to
send non-wake command triggered audio data; and
sending, based on the user preference and the input audio
data corresponding to the command data, an instruction
to the at least one first device to send further input audio
data corresponding to further mnput audio without the at
least one first device detecting a wake command.
13. The computer-implemented method of claim 12, fur-
ther comprising
recerving, from the at least one {first device, second 1nput
audio data corresponding to a second utterance;
performing speech processing on the second 1nput audio
data to determine a second command to cancel output
of content; and
determiming, based on the second command, to instruct
the at least one first device to cease sending non-wake
command triggered audio data.
14. The computer-implemented method of claim 12, fur-
ther comprising:
recerving, Irom the at least one first device, second 1nput
audio data corresponding to a second utterance;
performing speech recognition processing on the second
input audio data to generate iput text data and a speech
recognition score;
performing natural language processing on the mput text
data to determine a second command and a natural
language score;
determiming at least one of the speech recognition score or
the natural language score falls below a threshold
speech processing score; and
determining, based on at least one of the speech recog-
nition score or the natural language score falling below
a threshold speech processing score, to instruct the at
least one first device to cease sending non-wake com-
mand triggered audio data.
15. The computer-implemented method of claim 12, fur-
ther comprising:
recerving, from the at least one {first device, second 1nput
audio data corresponding to a second utterance;



US 10,847,149 Bl

35

performing speech processing on the second input audio
data to determine a second command requesting play-
back of media content including audio data;

determining second output data responsive to the second
command;

sending, to the at least one first device, the second output
data; and

instructing the at least one first device to cease sending
non-wake command triggered audio data.

16. The computer-implemented method of claim 12, fur-
ther comprising:

determining that the command data corresponds to a
command type that 1s likely to be followed by a new
command within a time threshold.

17. The computer-implemented method of claim 12, fur-
ther comprising:

determining at least one third device associated with the
output data;

receiving the output data from the at least one third
device; and

determining that no further output data i1s required from
the at least one third device to respond to the utterance,

wherein sending the instruction to the at least one first
device occurs after determining that no further output
data 1s required from the at least one third device.

18. The computer-implemented method of claim 12, fur-

ther comprising:
determining a number of times the at least one first device
has been instructed to send non-wake command trig-

gered audio, the number of times corresponding to
consecutive mput commands;

determining the number of times fails to exceed a thresh-
old number of times; and

further based on the number of times failing to exceed the
threshold number of times, nstructing the at least one
first device to send the further input audio data.
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19. A system comprising:

at least one processor; and

memory mcluding instructions that, when executed by the

at least one processor, cause the system to:

receive, from at least one first device, input audio data
representing an utterance;

perform, by at least one second device, speech process-
ing on the mput audio data to determine command
data;

determine, by the at least one second device, that the
command data 1s suflicient mput data to generate
output data to respond to the utterance;

send, to the at least one first device, output data
responsive to the command data;

send, based at least 1n part on the command data, to the
at least one first device, an instruction to send further
input audio data corresponding to further input audio
without the at least one first device detecting a wake
command;

receive, from the at least one first device, second 1nput
audio data corresponding to a second utterance;

perform, by the at least one second device, speech
recognition processing on the second imput audio
data to generate a speech processing score;

determine, by the at least one second device, the speech
processing score falls below a threshold speech
processing score; and

determine, based on the speech processing score falling
below a threshold speech processing score, to
instruct the at least one first device to cease sending
non-wake command triggered audio data.

20. The system of claim 19, wherein the memory further
comprises instructions that, when executed by the at least
one processor, further cause the system to:

determine a profile indicates a user permission to send

non-wake command triggered audio data following the
utterance; and

send, based on the user permission and the mput audio

data corresponding to the command data, the instruc-
tion to the at least one first device.
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